Purposes: To assess b-zone of peripapillary atrophy (b-PPA) and its relationship between systemic and ocular factors, especially glaucoma, in a Japanese population. Methods: Fundus photographs obtained from 2129 normal, 84 primary openangle glaucoma (POAG) and 10 primary angle closure glaucoma subjects from 3021 participants aged 40 years or older in the Tajimi Study were analysed planimetrically. If both eyes of a subject met inclusion criteria, one eye was randomly chosen. Results: The presence rates of b-PPA were 54.7 and 77.4% (p < 0.001) and b-PPA area averaged 0.67 and 1.06 mm 2 (p < 0.001), in normal and POAG eyes, respectively. Myopia was closely related to disc ovality and b-PPA. In normal eyes, logistic analysis showed that the presence of b-PPA was correlated with older age, female gender, myopic refraction, thicker central corneal thickness (CCT), greater disc ovality and disc centre to fovea (disc-fovea) distance and lower intraocular pressure (IOP) (p = 0.039~<0.001); and multiple regression analysis showed that b-PPA area was correlated with older age, myopic refraction, greater disc area and ovality, disc-fovea distance and lower IOP (p = 0.004~<0.001) after adjusting other factors. Conclusions: The presence and size of b-PPA in normal eyes were correlated with older age, greater disc ovality and disc-fovea distance and lower IOP. Further, its presence was associated with female gender, thicker CCT and its size with greater disc area. b-zone of peripapillary atrophy (b-PPA) was also associated with POAG. These results provide reference data of the b-PPA in a Japanese population and possibly indicate clinical importance of b-PPA in glaucoma clinic.
Introduction
Peripapillary chorioretinal atrophy (PPA), an essential part of the morphology of perioptic disc structures, has been divided ophthalmoscopically into a central b-zone of PPA (b-PPA) and a peripheral a-zone of PPA (a-PPA). The b-PPA is characterized by marked atrophy of the retinal pigment epithelium and choriocapillaris, visible large choroidal vessels and sclera, while the a-PPA is characterized by irregular hypo-or hyperpigmentation (Jonas 2005) . Although the a-PPA is thought to have limited clinical implications in glaucoma, the relationship between the b-PPA and primary open-angle glaucoma (POAG) and myopia is well established (Buus & Anderson 1989; Ramrattan et al. 1999; Jonas 2005; Xu et al. 2007; Wang et al. 2008) . For example, the area or location of the b-PPA is correlated with the visual field and/or neuroretinal rim loss, (Park et al. 1996; Jonas & Grundler 1997; Lee et al. 2016 ) progression of glaucomatous damage, (Araie et al. 1994; Teng et al. 2010; Kim et al. 2014) and disc haemorrhage, a wellknown risk factor of glaucoma progression (Sugiyama et al. 1997) . To the best of our knowledge, two previous population-based studies have investigated the b-PPA and related factors in a large number of subjects. In Caucasian patients, the b-PPA occurred in 13% and was correlated significantly only with a myopic refractive error (Ramrattan et al. 1999) . In Chinese patients, the b-PPA occurred in 20% and its area averaged 0.46 mm 2 , which was correlated significantly not only with a myopic refractive error but also with age and disc area (Wang et al. 2008) . Despite the close relationship between the b-PPA and glaucomatous damage as described previously, no previous studies have reported a correlation between the b-PPA and glaucoma risk factors except for age or myopic refractive error.
The Tajimi Study was a populationbased glaucoma survey in an adult Japanese population, (Iwase et al. 2004; Yamamoto et al. 2005) , and the results included some unique characteristics especially in the prevalence rate of POAG with normal intraocular pressure (IOP), (Iwase et al. 2004 ) and that of myopia (Sawada et al. 2008) Some studies have suggested that the b-PPA may be more likely to be associated with POAG without elevated IOP (Buus & Anderson 1989; Tezel et al. 1996) . Thus, investigation of the b-PPA in the Tajimi Study participants might provide an unique opportunity to further yield interesting information on the clinical significance and relevance of the b-PPA.
The aim of this study was to investigate the b-PPA and related systemic and ocular factors, especially risk factors for glaucoma, in the Tajimi Study participants.
Patients and Methods
The details of the Tajimi Study have been reported (Iwase et al. 2004; Yamamoto et al. 2005) . Briefly, of 54 165 residents of Tajimi City aged 40 years and older as of August 1, 2000, 4000 individuals were selected using simple random sampling without stratification and encouraged to participate in the epidemiologic study. The investigation followed the tenets of the Declaration of Helsinki and the municipal laws of Tajimi City for maintaining the privacy of patient data. The ethics committee of Tajimi City approved the study protocol. All participants provided written informed consent after the nature of the study was explained fully.
During the screening examination, an experienced ophthalmic photographer who generally examined the right eye of each participant first obtained nonmydriatic colour fundus photographs with 30-and 45-degree viewing angles using the IMAGEnet digital fundus camera system (TRC-NW6SF, Topcon, Tokyo, Japan). The mid-point between the fovea and the optic disc was set at the estimated centre of the fundus photographs. The data from the fundus photographs were stored in the hard drive of a personal computer. Photographs with viewing angles of 30°o r 45°had 768 9 576 pixels. On a digital colour fundus photograph with a 45-degree viewing angle, the dimensions and locations of the optic disc and the fovea were determined using image analysing software that was installed in the IMAGEnet system. A fundus photograph with a 30-degree viewing angle was used to determine the contour lines of the PPA and the disc. An experienced investigator (NM) who was masked to the subjects' data and final diagnoses plotted seven points on the inner margin of the scleral ring on a photograph, and an ellipse was drawn automatically using the least mean square method to yield the contour of the optic disc; if a-and/or b-PPA was present, its margins were drawn freehand on a digital fundus photograph. The parameters evaluated quantitatively were the disc area, ovality defined as the maximal to minimal disc diameter ratio (maximal/minimal DD ratio), that is, the ratio of the longest diameter of the fitted ellipse to the shortest one; distance between the centre of the ellipse fitted to the disc and fovea (disc-fovea distance) and the area of the b-PPA. The magnification effect of the fundus photograph on these values was corrected using the refractive error and corneal curvature of each eye according to the method of Littmann (1982) .
The reproducibility of the planimetric measurement of disc area, maximum and minimal disc diameters and disc-fovea distance by the same examiner (NM) was reported elsewhere (Mataki et al. 2017 ). The same examiner also evaluated the reproducibility of the planimetric measurement of b-PPA area in 34 eyes of 34 subjects with b-PPA whose age averaged 48.5 AE 8.3 years. and spherical equivalent refraction (SE) À0.8 AE 0.9 dioptres independent of this study. An ophthalmic photographer obtained fundus photographs with 30-degree viewing angles twice on different days (photographs 1 and 2). For photograph 1, the measurements of the planimetric parameters were repeated twice 1 hr apart (measurements 1 and 2). For photograph 2, the planimetric measurement was performed once (measurement 3). The coefficients of reproducibility between measurements 1 and 2 (short-term reproducibility) and between measurements 1 and 3 (long-term reproducibility) were calculated as follows:
where V1 is the result of measurement 1, and V2(3) is the result of measurement 2 (3). Statistical analyses were performed using IBM SPSS version 23.0 (IBM-SPSS Japan Ltd., Tokyo, Japan), except for the confidence intervals (CIs) of the rates calculated with the CIA software package (BMJ Publishing Group, London, UK). Logistic regression analysis and linear mixed model-based multiple regression analyses including systemic and ocular factors as explanatory variables were adopted to identify significantly correlating factors to the presence of b-PPA or its area after adjusting other confounding factors. p < 0.05 was considered significant.
Results
Of 3870 eligible subjects, 3021 participated in the study, 2692 were diagnosed as nonglaucoma (Iwase et al. 2004; Yamamoto et al. 2005) . From the 2692 nonglaucoma subjects, we excluded 377 subjects, because the systemic data needed for analyses were missing, fundus photographs were unavailable, the photographic quality was unacceptable, the eyes were aphakic or pseudophakic or the eyes had pathologic myopia or tilted disc. Findings suggestive of pathologic myopia included posterior staphyloma, parapapillary intrachoroidal cavitation, local or diffuse chorioretinal atrophy and lacquer crack lesions (Curtin 1985) . The optic discs with ovality greater than 1.33 were considered as tilted discs (Apple et al. 1982; How et al. 2009 ). Furthermore, 186 subjects were excluded because they had systemic diseases which might affect both eyes such as intracranial lesions, any kinds of hereditary retinal degeneration or ocular abnormalities such as agerelated macular degeneration or high refractive error (> +5 or < À8 dioptres) in both eyes, or data needed for Littmann's correction could not be reliably obtained in both eyes. As a result, 3850 eyes of 2129 subjects (both eyes of 1721 subjects, 280 right eyes of 280 subjects and 128 left eyes of 128 subjects) which were considered to be normal were included as the normal group. In subjects whose both eyes were eligible, one eye was chosen using the random sampling method (Table 1a) .
Among Tajimi Study participants, 287 subjects were diagnosed as glaucoma, glaucoma suspect or having glaucoma-related conditions such as ocular hypertension, primary angle closure or pseudoexfoliation (Iwase et al. 2004; Yamamoto et al. 2005) . From them, 84 POAG and 10 primary angle closure glaucoma (PACG) subjects were selected according to the above exclusion criteria, and one randomly chosen eye was used for analysis in subjects whose both eyes were POAG and eligible (Table 1b) . Subjects with glaucoma suspect, or ocular hypertension, primary angle closure or pseudoexfoliation glaucoma were not included for analysis in this study.
Planimetric results
The short-and long-term reproducibility coefficients of the b-PPA area by the examiner (NM) averaged 13.0 AE 14.4, and 12.4 AE 14.1% (n = 34), respectively. In 2129 normal eyes, the disc size averaged 2.28 mm 2 (95% CI, 2.26-2.30) and the disc ovality expressed with the maximal/minimal DD ratio of the ellipse fitted to the optic disc averaged 1.12 (95% CI, 1.11-1.12), which corresponded to a vertical/horizontal DD ratio of 1.04 (data not shown). b-zone of peripapillary atrophy (b-PPA) was identified in 1165 or 54.7% (95% CI, 52.5-56.8%) of the 2129 normal eyes.
Between eyes with POAG and normal eyes, after adjusting for age, gender, height, body mass index, spherical equivalent refraction (SE), disc-fovea distance and multiple comparisons, there were no significant intergroup differences in the disc area and ovality; however, the incidence of the b-PPA was higher and the average b-PPA area was larger in POAG eyes than in the ophthalmologically normal eyes (77.4% versus 54.7% and 1.06 mm 2 versus 0.67 mm 2 ; p < 0.001 for both comparisons) (Table 2 ). When comparing the b-PPA between 43 POAG eyes with IOP > 15 mmHg and 41 eyes with IOP ≤ 15 mmHg as the mean IOP in the POAG eyes was 15.5 mmHg, although it did not reach a significant level, the b-PPA area tended to be smaller in POAG eyes with higher IOP than those with lower IOP (p = 0.093) ( Table 3) . In all 84 POAG eyes, lower intraocular pressure (IOP) was significantly correlated with the b-PPA area (Pearson's correlation coefficient = À0.24) after adjustment for age, gender, height, body mass index, spherical equivalent refraction and disc-fovea distance (p = 0.032).
Between 84 POAG eyes and 10 PACG eyes, there was no significant difference in disc area, ovality, frequency of beta-PPA, and beta-PPA area after adjusting for the above parameters (Table 4) .
Factors related to b-PPA in ophthalmologically normal eyes Randomly selecting one eye from a subject whose both eyes were eligible, logistic regression analysis was applied to 2129 normal eyes from 2129 subjects, treating the presence or absence of the b-PPA as a dependent variable with adjustment for gender, height, body mass index (BMI), disc size, disc ovality, disc-fovea distance, (Jonas et al. 2016 ) spherical equivalent refraction, lower intraocular pressure (IOP), central corneal thickness, ocular perfusion pressure (OPP) (2/3 9 mean blood pressure -IOP) showed that the presence of the b-PPA was significantly correlated positively with age, female gender, disc ovality, disc-fovea distance and central corneal thickness (p = 0.039~<0.001), and negatively with the SE and IOP (p < 0.001, 0.004) ( Table 5) .
Multiple regression analysis showed that the b-PPA area with adjustment for above-mentioned factors was significantly correlated positively with age, disc size, disc ovality, disc-fovea distance (p < 0.001) and negatively with SE and IOP (p < 0.001, 0.004) ( Table 6) .
As the optic disc shape was closely associated with myopia, differences in the disc and b-PPA parameters were further evaluated among the three refractive groups (emmetropia [À0.5
, and high myopia [SE < À5.0 D]). As the results, myopic eyes had more oval-shaped optic discs and larger PPAs (Table 7) .
Discussion
The frequency rate of b-PPA has been studied in several population-based studies and reported to be 11.4% in the Vellore Eye Study, (Jonas et al. 2003) 20% in the Beijing Eye Study, (Wang et al. 2008 ) and 13% in the Rotterdam Study (Ramrattan et al. 1999 ). In the current study, 54.7% of normal subjects had b-PPA. Thus, the rate of the b-PPA was considerably higher in the Tajimi Study population compared to other populations. It is well known (Ramrattan et al. 1999; Xu et al. 2007; Wang et al. 2008 ) and was confirmed in the current study that b-PPA is associated closely with myopic refraction. In the Tajimi Study population, the prevalence of myopia, especially nonpathologic high myopia with spherical equivalent refractive error of <À5 dioptres, was much higher than in other populations, (Sawada et al. 2008 ) which would partly explain the differences in the frequencies between the current population and other populations (Ramrattan et al. 1999; Jonas et al. 2003; Wang et al. 2008) . Furthermore, there may be racial difference between Japanese and Chinese or Caucasian subjects. Several hospital-based studies have reported a higher prevalence of b-PPA in patients with glaucoma compared to normal subjects (Jonas 2005 ). However, it may be difficult to eliminate the selection biases in hospital-based studies. In the current population-based setting, the disc area and disc ovality did not differ significantly between normal eyes and those with POAG after adjusting for other confounding factors, while the frequency rate and area of the b-PPA seen in POAG eyes were significantly greater than those in normal eyes, which confirmed the clinical importance of b-PPA in glaucoma clinic and the population-based result of the Beijing Eye Study (Xu et al. 2007 ).
In normal eyes, the presence and greater area of b-PPA were correlated significantly with older age, greater disc ovality and disc-fovea distance, myopic refractive error and lower IOP values. Furthermore, b-PPA area was found to be strongly and positively correlated with disc size, and b-PPA was significantly more likely to be seen in females and in eyes with thicker cornea. Positive correlations between b-PPA and age, myopic refractive error and disc area have been reported, (Ramrattan et al. 1999; Wang et al. 2008) but the positive correlations between b-PPA with female gender, disc ovality and disc-fovea distance and CCT, and negative correlation between b-PPA and IOP in normal eyes have not been reported.
Several studies of glaucomatous eyes have suggested that the b-PPA may be more related to the nonmechanical glaucomatous damaging mechanism (Buus & Anderson 1989; Tezel et al. 1996) . A prospective longitudinal studies showed that female gender was a risk factor for progression of POAG with normal IOP (normal-tension glaucoma, NTG) (Drance et al. 2001) . Vasospastic disorders such as migraine were reportedly more prevalent in NTG, (Flammer et al. 2002) and risk factor for progression in NTG (Drance et al. 2001) . A recent large-scaled study confirmed higher frequency of migraine and vasospasm in female glaucoma patients (Gramer et al. 2015) . Taken together, it may be hypothesized that female gender is rather related to b-PPA = b-peripapillary atrophy. * p value between with adjustment for age, gender, height, body mass index, spherical equivalent refraction and disc-fovea distance but without adjustment for multiple comparisons. After adjustment for multiple comparisons, no significant intergroup was seen in disc area (0.027 9 4 > 0.050). † By the chi-squared test. nonmechanical glaucomatous damaging mechanism. It could be also hypothesized that positive correlation of b-PPA with female gender and its negative correlation with IOP in normal eyes may suggest that b-PPA in normal eyes is taken as an index of vulnerability to nonmechanical glaucomatous damaging mechanism. This hypothesis seems also compatible with the current result that POAG eyes with IOP < 15 mmHg tended to have a greater b-PPA area than those with IOP ≥ 15 mmHg although the difference did not reach the significant level (p = 0.093).
Correlation of the thicker cornea with the presence of b-PPA in normal eyes currently found may be difficult to explain. However, this result is compatible with the result of a longitudinal study in Chinese that identified the thicker cornea as one of the contributing factors to the 5-year progression of the b-PPA area (Guo et al. 2012) . Relationship between b-PPA and cornea waits future studies.
In the current normal eyes, disc ovality and disc-fovea distance showed modest correlation with myopic refractive error (Pearson's correlation coefficient = 0.25 and 0.38, respectively), but they were included in the multivariate analyses together with myopic refractive error because correlation coefficients were relatively small and multiple collinearity was very unlikely. As greater disc ovality is thought to be related to greater deformation in the papillar and peripapillary area, its positive correlation with b-PPA seems reasonable. A recent study using spectral domain optical coherence tomography (SD-OCT) found that peripapillary c-zone showed positive correlation with disc-fovea distance (Jonas et al. 2016) . As photographs can not discriminate between b-and c-zone, it is also reasonable that photographically determined b-PPA area showed positive correlation with disc-fovea distance. Significant correlation of disc ovality and disc-fovea distance, structural indexes in the posterior pole of the eye with b-PPA after adjustment of other confounding factors suggested that not only for age, disc area and refraction, but also for disc ovality and disc-fovea distance must be adjusted in studying clinical implication of (photographically determined) b-PPA area in glaucoma.
The current study has several limitations. Twenty-one per cent of the nonglaucoma participants in the Tajimi Study were excluded from the current planimetric analyses mainly because of several reasons including the lack of good-quality fundus photographs, resulting in an 79% inclusion rate, which was similar to 75% in the Rotterdam Study which also reported results of population-based analysis of b-PPA (Ramrattan et al. 1999) . Although no significant difference was seen in the male to female ratio between the whole participants and the current subjects (79.0% versus The dependent variable was the presence or absence of b-peripapillary atrophy, and the explanatory variables are age, gender, height, body mass index, spherical equivalent refraction, intraocular pressure, mean ocular perfusion pressure, central corneal thickness, disc size, disc ovality and disc-fovea distance. The explanatory variables with a p value < 0.05 are shown. The dependent variable is b-peripapillary atrophy area (mm 2 ), and explanatory variables are age, gender, height, body mass index, spherical equivalent refraction, intraocular pressure, mean ocular perfusion pressure, central corneal thickness, disc size, disc ovality and disc-fovea distance. The explanatory variables with a p < 0.05 are shown.
82.7%), the average age of the whole participants was slightly older than that of the current subjects (58.4 years versus 56.9 years.) However, the effect of difference in age would not be serious, as age difference was only 1.5 years. The currently studied b-PPA was photographically determined but should have been evaluated better using SD-OCT, (Jonas et al. 2016) which was unavailable in the Tajimi Study. Thus, it must be noted that the current photographically determined b-PPA included c-zone. In current routine clinical practice, however, b-zone of peripapillary atrophy (b-PPA) is still evaluated photographically (or ophthalmoscopically), and we believe that the current findings are still of clinical importance.
In conclusion, the current study identified significant effects of IOP, central corneal thickness (CCT), female gender, disc ovality and disc-fovea distance on the b-PPA in normal eyes in addition to those of previously reported age, disc size and myopic refraction. It is suggested that the exact role of the b-PPA in normal eyes and whether these eyes are more predisposed to glaucomatous damage are an important area of future studies. The current result can be also used for reference data for b-PPA in a Japanese population.
